Experiments were made to investigate the effect of four anesthetic drugs that are commonly used in surgical practice on the postoperative growth of mouse tumors in syngeneic recipients. These experiments revealed that some of the anesthetics when applied for surgical excision of the local tumor, strongly accelerated postoperative progression of spontaneous lung metastases produced by the 3LL Lewis lung carcinoma and by the B16 melanoma. Some of the drugs caused the appearance of metastases in organs, such as the liver, in which spontaneous metastases are not usually produced by these tumors. A T10 sarcoma clone that does not produce detectable metastases in immune intact mice even following intravenous injection, did produce metastases when injected into animals treated with pentothal sodium. 
INTRODUCTION
Patients having undergone surgery under general anesthesia are known to be susceptible to postoperative infections and sepsis (1) (2) (3) (4) . Although the surgical procedure per se is likely to increase the probability of exposure to pathogenic microorganisms, the anesthetic drugs might contribute to the infective process by affecting the immune system. In fact, anesthetic agents were demonstrated to temporarily affect the reticuloendothelial system (5-7), decrease chemotaxis of leukocytes (8) , reduce phagocytosis (9) and metabolic activity of lymphocytes (3, 10) , impair the response of lymphocytes to mitogens (11, 12) , and cause a temporary reduction in immunoglobulin production (13) .
In view of the increasing interest in the involvement of the immune system in the control of neoplasia, the possible effect of general anesthesia on the postoperative progression of metastasis is of obvious importance. Although Pollard et al. (14) observed accelerReceived for publication 2 October 1980 and in revised form 22 April 1981. 678 ation of pulmonary metastasis in nonoperated tumorbearing rats following treatment with halothane, chloroform, and ether, we found no recorded studies on the effects of anesthetics following radical surgery of tumors. To approach this question, we studied the effects of anesthetic drugs generally used in surgical practice on the postoperative development of metastasis in two systems of metastatic mouse tumors: the 3LL Lewis lung carcinoma and the B16 melanoma, both originated in C57BL/6 (H-2b) mice (15, 16) . After subcutaneous or intrafootpad inoculation, and while growing locally, these tumors produce spontaneous lung metastases. We tested the effect of the anesthetic drugs pentothal sodium, halothane, nitrous oxide (N20), and kethalar on the development of lung metastasis following radical excision ofthe local tumor. Pentothal sodium and N20 were also tested for their effects on the production of metastasis by cloned cell populations of the T10 sarcoma (17, 18) , a methylcholanthrene-induced tumor in a (C3Heb x C57BIJ6)F, mouse (19) .
Our studies indicated that some of the anesthetic drugs significantly enhanced the development of postoperative metastasis.
METHODS
Mice. Inbred 2-3-mo-old male C57BL/6 and (C3Heb x C57BL/6)F1 mice were supplied by the Animal Breeding Center of the Weizmann Institute of Science.
Tumors. We used the Lewis lung carcinoma (3LL) and the B16 melanoma, both of which developed spontaneously in C57BL/6 mice (15, 16) and were maintained by subcutaneous transfers in syngeneic male mice. In addition, we used two lines (IC9 and IE7) derived by cloning (17, 18) in semisolid agar of a sarcoma (T10) induced by methylcholanthrene in (C3Heb x C57BL/6)F1 mice (18) (Table I) al. (20) . Metastatic tumor nodules in the lungs were enumerated according to Wexler's technique (22) . Briefly, mice were killed and injected through the trachea with 2 ml of 15% India ink. Due to uptake ofink particles the lungs became stained deep black. The stained lungs were excised and placed for at least 5 min in a glass beaker, under running tap water, to remove excess ink, and fixed in a solution composed of 100 ml of 70% alcohol, 10 ml of formaldehyde, and 5 ml of glacial acetic acid. When left in this solution for 24 h, the lung metastases became permanently bleached. Separate groups of mice that had been injected intravenously with a given number of tumor cells were killed on the same day. Their lungs were excised and both their weight and the degree of 125I-UdR incorporation were determined.
Histology. Multiple histological sections were performed on mice in those experiments where the 3LL tumor was used. The sections included lungs, liver, spleen, kidneys, and bone marrow originating in femoral and tibial bones ofthe hind legs. The examined organs were fixed in Bouin's solution for 24 h washed and replaced in a solution of70% ethanol; the sections were then stained with hematoxylin and eosin.
Statistical analysis. The spread of metastasis is most probably governed by a nonrandom multifactorial mode of distribution. Hence, the incidence of metastases and their homing to a particular organ cannot be analyzed using conventional statistical tests that apply to normal distribution events. Therefore, the Mann-Whitney U test was chosen for the statistical analysis of the data in the present work (23) .
RESULTS
We first tested whether a correlation exists among the various parameters used in the present study to assess tumor load in lung tissues (i.e., number of pulmonary metastatic nodules, weight of lungs, and 125j-UdR incorporation by lung tissues). Different groups ofmice were inoculated intravenously with graded numbers of tumor cells (Table I) . At the indicated time intervals, mice were killed, their lungs were excised, and the metastatic load was assessed using the above-mentioned parameters. Table I indicates that a good correlation exists between the three different parameters. This enabled us to use alternatively one or two of these parameters in each experiment.
We then studied the effects of the various anesthetic drugs applied for surgical removal of the local 3LL tumor on the development of postsurgical metastases. C57BL/6 mice were inoculated intrafootpad with 1 x 105 3LL tumor cells. When the tumor reached 6-8 mm Diam, the mice were exposed to the anesthetic drugs (pentothal sodium, halothane, kethalar, or N20) and the legs with the local tumors were amputated. Control tumor-bearing mice were amputated without anesthesia. To assay the extent of metastatic growth we weighed the lungs and measured the incorporation of 1251-UdR in the lungs, liver, and spleen 10 d after surgery; in addition the histology of the organs was examined.
The results (Table II) indicated that all four anesthetic drugs increased the development of lung metas- tases, halothane and N20 being the most potent stimulators of 3LL metastatic growth. In fact, not only were lung metastases enhanced following surgery performed under anesthesia, but the development of liver metastases in animals anesthetized with kethalar, halothane, and N20 was significantly enhanced. The increase in 125I-UdR uptake in the spleen of tumorbearing mice was correlated with the occurrence of splenomegaly in these animals as we have previously described (24) . This was attributed to the proliferation of spleen cell populations, possibly in response to growth of the local tumor. We tested subsequently the effect ofanesthetic drugs on the development of metastasis following surgical removal of the B16 melanoma. The experimental design was similar to that described for the 3LL carcinoma. The results (Table III) show that the growth of lung metastases was significantly enhanced in animals who had undergone surgery under kethalar anesthesia, although a significant increase took place also when anesthesia was performed with halothane and N20. N20 was the most potent stimulator of the development of postsurgical liver metastases. The increase in 125I-UdR uptake observed in spleens of animals anesthetized with N20 may well reflect the stimulation of metastatic proliferation in the spleen.
We then tested whether tumors, which under normal conditions do not produce detectable metastases, do so in animals treated with anesthetic drugs. Two clones of tumor cells produced in our laboratory, IC9 and IE7, derived from T10 sarcoma, were used. Although derived from the same tumor, these clones differed from each other in two properties (17, 18) : (a) cells of the IE7 clone expressed both parental major histocompatibility complex coded haplotypes, i.e., the H-2k and the H-2b; cells of the IC9 clone expressed only the H-2b haplotype; (b) the IE7 clone produced lung metastases in syngeneic animals, whereas the IC9 (which expressed only the H-2b-associated alloantigens) was incapable of producing detectable lung metastases when transplanted or injected intravenously into immune intact recipients. It produced metastases only in animals that had been immunologically suppressed by total body irradiation.
Assuming that the anesthetic drugs used led to immunosuppression, it was of interest to test whether these drugs enabled the generation of metastases by tumor cells of the IC9 clone. We therefore injected IC9 cells intravenously into mice treated with pentothal sodium or N20. 15 d after the tumor inoculation these mice were tested for the presence of metastases. In parallel, the excised lungs from these mice were photographed after treatment according to Wexler's technique (22) . The results (Figs. 1-3 ) demonstrated that in animals treated with pentothal sodium tumor cells of the IC9 clone did produce lung metastases. Cells of the IE7 clone produced a higher metastatic load in animals treated with pentothal sodium than in unanesthetized recipients. Treatment with N20 did not affect production of metastases by T10 tumor clones.
DISCUSSION
Previous studies in our laboratory concerning the postsurgical growth of metastases indicated that without anesthesia, surgical excision of the local 3LL tumor was followed by accelerated growth of lung metastases (24 diameter, a size at which one does not observe accelerated lung metastasis compared with tumor-bearing mice not having undergone tumor excision. However, when surgical excision of the local tumor was performed under anesthesia, the development of metastasis by both the 3LL carcinoma and the B16 melanoma was significantly accelerated with each of the four drugs tested. Halothane and N20 were found to cause a greater acceleration of both lung and liver 3LL metastasis than sodium pentothal and kethalar. When applied during surgical excision of the B16 melanoma, kethalar had the greatest effect in promoting lung metastases, although N20 was the most potent stimulator of liver metastasis.
We also studied cells of two clones of the T10 sarcoma, the IE7 and IC9 clones. The T10 tumor was induced in a (C3H x C57BL/6)F, mouse by 3-methylcholanthrene. Following in vitro cloning of this tumor, we found that the majority of the clones expressed only the parental H-2b haplotype and a minority expressed both, the H-2b and the H-2k haplotypes. Clones expressing only the H-2b haplotype, such as the IC9 clone tested in our present study failed to produce metastasis even when injected intravenously into immune intact mice. Clones expressing exclusively the H-2b haplotype were capable of producing metastasis only when injected into recipients which had undergone immune suppression by total body irradiation (17, 18) . Clones expressing both the H-2k and the H-2b haplotypes, such as the IE7, were highly metastatic. We found that in animals treated with pentothal sodium the IC9 clone did produce metastasis and the IE7 produced a higher metastatic burden than in nontreated mice.
Although we found that anesthetic drugs strongly accelerated metastasis, we cannot at this stage attribute the activity of these drugs to an effect on a defined target cell, let alone on a defined cellular component.
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The documented effects ofanesthetics on the lymphoid system (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) , and the effect we observed on the capacity of the IC9 clone to produce detectable metastasis only when injected into recipients which were immune-suppressed by total body irradiation, suggest that the anesthetic drugs may accelerate metastasis development by their suppressive action on the immune system. Yet one cannot exclude the possibility that the anesthetic drugs affected the membranes of the tumor cells themselves, thus increasing their metastatic potency. The finding that different drugs were differentially potent in their capacity to accelerate growth of metastases of our different tumors should not be surprising, because the tumors used in this study differed from each other in origin and histological characteristics.
The accelerated growth of lung metastases following excision of the local tumor should be attributed to an effect on tumor cells that migrated to the lung before surgery. Hence, the result does not reflect an effect on the migration of metastatic cells. Yet, the postsurgical effect on metastatic growth in the liver and possibly in the spleen may be due to the mobilization of tumor cells from the lungs to other organs. Such a process may result from effects of anesthetics on the fluidity of the tumor cell membrane, and shedding of membrane components (27) .
The effect of N20 on the growth of B16 metastases in the spleen deserves special comment. The spleen is an organ in which one only rarely finds metastases produced by sarcomas or carcinomas. Even intravenous inoculation of normal recipients with the 3LL or B16 cells does not result in progressive metastasis in the spleen. Analysis of the mechanisms by which N20 accelerates the growth of metastases may suggest an approach to the processes involved in preventing metastatic growth in the spleen.
In summary, whatever the mechanism by which anesthetic drugs promote metastatic growth, the present experiments indicate clearly that anesthetic drugs used during surgical excision of two different mouse tumors may cause a significant increase in metastatic spread and progression. These drugs also caused the spread of metastases to organs in which metastases are otherwise not found. In addition, cells of a nonmetastatic clone of the T10 sarcoma produced metastases when injected intravenously to anesthesized recipients. Finally, our observations apply only to three mouse tumors. The question whether similar phenomena of metastatic acceleration occur with other tumor systems in mice or in other mammals, or with other anesthetics requires further study.
